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Human papillomavirus (HPV) is widely accepted as the
primary etiologic agent in the development of cervical can-
cer. DNA of a particular HPV type, HPV 16, is found in about
half of tumors tested. Inconsistent with this causal relation-
ship, however, population-based studies of HPV DNA preva-
lence have often failed to find high rates of anogenital HPV
infection in countries with high cervical cancer rates. To
examine this issue, we used serology to compare HPV 16
exposure in healthy volunteer blood donors in the United
States (n = 278) and similar subjects from a country with
3-fold higher cervical cancer rates, Jamaica (n = 257). Jamai-
can sexually transmitted disease (STD) patients (n = 831)
were also studied to examine in detail the relation of HPV 16
antibodies with sexual history. Serology was conducted using
an ELISA employing HPV 16 virus-like particles (VLPs).
Age-adjusted seroprevalence rates were greatest among
male (29%) and female (42%) STD patients, intermediate in
male (19%) and female (24%) Jamaican blood donors and
lowest among male (3%) and female (12%) U.S. blood donors.
The higher seroprevalence in women was significant, and
prevalence tended to increase with age. In multivariate
logistic regression, controlling for age and gender, Jamaican
blood donors were 4.2-fold (95% CI 2.4-7.2) and STD patients
8.1-fold (95% CI 5.0-13.2) more likely to have HPV 16 VLP
antibodies than U.S. blood donors. Among STD patients,
HPV 16 antibodies were associated with lifetime number of
sex partners and years of sexual activity, as well as other
factors. Our data suggest that HPV 16 VLP antibodies are
strongly associated with sexual behavior. Moreover, exposure
to HPV 16 appears to be much greater in Jamaica than in the
United States, consistent with the high rate of cervical cancer
in Jamaica. Int. J. Cancer 80:339-344, 1999.
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Infection with human papillomavirus (HPV) is considered
central causal factor in cervical cancer tumorigenesis @zenal.,

Antibodies to HPV infection are likely to persist for an extended
(if undefined) period, making serology a potentially better measure
of cumulative HPV exposure (Cartet al, 1996). ELISAs based
on HPV 16 virus-like particles (VLPs) have been shown to detect
antibodies strongly associated with anogenital HPV 16 infection
(Kirnbauer et al, 1994; Carteret al., 1996), and laboratory
evidence supports the premise that these antibodies are type-
specific (Wanget al., 1997). Seropositivity is greatest in women
with persistent HPV 16 infections (Carteral., 1996) and in those
who progress to high-grade cervical neoplasia (de Gatijal,
1997; Svareet al., 1997), both important risk factors in the
development of cervical cancer. However, few serologic studies
have been conducted to confirm that HPV 16 exposure, as
measured by HPV 16 VLP seroprevalence, is (as expected) greater
in populations with high cervical cancer incidence rates (Nonnen-
macheret al., 1995) and few studies have tested the usefulness of
HPV serology as a marker of sexual HPV exposure in men (Svare
etal, 1997).

Therefore, in this investigation, we measured HPV 16 VLP
antibody prevalence in two populations with contrasting cervical
cancer incidence rates, testing subjects from the United States
(incidence 7.8 per 100,000 person-years) and from Jamaica, a
Caribbean nation with 3-fold higher cervical cancer rates (inci-
dence 26.8 per 100,000 person-years) (Braatka., 1995; Reiset
al., 1997). Specifically, in both countries, we studied healthy
volunteer blood donors, a convenience sample that is commonly
used to estimate seroprevalence in the general population as part of
international sentinel serosurveys (Strickégral., 1995). Further-
more, to demonstrate the strong sexual association of the antibody
responses being measured, we contrasted the results in blood
donors to seroprevalence rates in Jamaican sexually transmitted
alisease (STD) patients and, in these patients, examined risk factors
for positive antibody responses.

1992; Schiffmaret al,, 1993; Bosctet al,, 1995). There are over 70
HPV types, and more than 20 of these commonly infect anogenital
epithelial tissues through sexual transmission. A single HPV typﬁubjects

HPV 16, i lieved t involved in t half of all cervi . . . . .
6, Is believed to be involved in about half of all ce cat STD patients.Subjects were consecutive patients with new

complaints during 1994 and 1995, presenting to the Comprehen-
sive Health Center, the main clinic offering specialized services for
STDs in Kingston, Jamaica. Patients attending this clinic are
Cost exclusively black and of middle to lower socio-economic

MATERIAL AND METHODS

cancer cases (Bosett al, 1995). HPV 16 is also the most frequen
type of cervical HPV infection in normal, healthy women.

HPV infection is generally detected using sensitive DNA
hybridization methods, such as PCR. Over 90% of cervical can

assays (Schiffmaet al, 1993; Bosclet al,, 1995). However, DNA
testing has important limitations. Most HPV infections are transie
and the DNA becomes undetectable (Schneider and Kouts
1992), making DNA hybridization a poor measure of cumulative
lifetime exposure to HPV. Possibly because of this, severalgynging: National Cancer Institute.

ecological population-based studies have not demonstrated greater

HPV DNA prevalence (reflecting greater virus exposure) ir——

populations with high incidence of cervical cancer (Kjaer and “Correspondence to: Viral Epidemiology Branch, National Cancer
Jensen, 1992; Svagt al, 1998). These findings, nevertheless, arg‘osztf‘étseh'\“"" EPN, Room 434, Bethesda, MD 20892, USA. Fax: (301)
inconsistent with the central role of HPV in neoplasia of the cervix, '

and it remains to be proven that HPV exposure is greater in___

populations with high cervical cancer rates. Received 22 April 1998; Revised 7 July 1998

ovided serum and was administered a detailed questionnaire to

Eieviously described (Figueras al., 1995). In brief, each subject
tain demographic data and information about sexual history. The
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guestionnaire was slightly different for men and women. From thlamaican STD patients (10%) than in Jamaican blood donors (5%)
1,455 initially enrolled subjects, we used stratified random sarand US blood donors (3%), suggesting that at least some of these
pling to achieve a gender-balanced study population. There wénedeterminate” results were probably true positives. priori

404 male and 427 female STD patients in our final analyses (seelusion of individuals with indeterminate findings, therefore,
“Statistical analysis”, for discussion of subjects with indeterminatékely under-estimates the prevalence of HPV antibodies in the
results). STD patients and the magnitude of the differences between the

Jamaican blood donor&he subjects studied were 141 male angtudy groups (bias toward the null). However, in previous studies of
116 female consecutive blood donors enrolled through Kingst®@pulations with low seroprevalence, we have shown that this
blood banks between 1987 and 1988. Over 95% of subje@BpProach may reduce misclassification and improve inter-
identified their ethnic group as black. The sera were collected l@oratory agreement, making results more generalizable (Strickler
part of a study to measure the prevalence of human T-c&€f al, 1997). In any case, our preliminary analyses in this study
lymphotropic virus type-l (HTLV-I) infection in blood donors. sShowed that the overall findings were not meaningfully altered by
HTLV-I-seropositive subjects were excluded from the curreigdefining indeterminate serologic results as negative, as positive,

analysis to preserve these limited specimens, but this involved fé&gan intermediate category, or by excluding them (our set approach
individuals (2.4% of all donors) (Manret al, 1992). for dealing with these uncertain observations). Therefore, the

US blood donorsSequential healthy volunteer blood donor§eroprevalence data are presented as the fraction of subjects with
were enrolled during 1996 and 1997 through the National InstitutBderpretable (non-indeterminate) resuits. _
of Health, Bethesda, Maryland as part of a program to collect bloodDirect adjustment was used to control for age effects, applying
specimens for research purposes. Arandom subset of these subjé&sage distribution of all subjects combined to determine the
were selected to obtain comparable numbers of males (#0) relative weights of each age strata. Statistical significance in

and females (= 138) for analysis in the current study. contingency tables was determined using Pearsgh Fisher's
exact test, as appropriate based on the expected values. Linear
Laboratory methods trends were assessed using the Mantel extension test, and multivar-

HIV and HTLV-I serologyAll serology for retroviral infections iate analyses were conducted using logistic regression methods.
was conducted using commercially available assays, accordingQdds ratios (ORs) and 95% confidence intervals (Cls) were
manufacturers’ instructions, with initial screening by ELISA an@stimated to further measure the strength of associations. Differ-
confirmation of positive antibody reactivity by Western blot. ences between groups in continuous variables were determined by

HPV-16 VLP ELISAHPV-16 VLPs were prepared from Sf9 Student'st-test and by multivariate ANOVA, whereas correlations

insect cells infected with a recombinant baculovirus expressing th€"® measured using Pearson’s coefficient. All data analysis was
L1 and L2 proteins of HPV-16 and purified by the method oP€rformed using standard commercial statistical software.
Kirnbaueret al. (1994). The VLPs were then diluted to 2 pg/ml in

PBS (GIBCO, Grand Island, NY), and the VLP solution was added RESULTS

to each of 96 wells in a polystyrene PolySorp plate (Nungomparisons of blood donors and STD patients
Naperville, IL) in 100-ul volumes. Following overnight incubation . .

at 4°C, plates were washed 3 times using wash solution [0.05%aPle | summarizes the age and gender characteristics of all
Tween 20 and 0.01% Triton X-100 (Sigma, St. Louis, MO) in PB ubjects studied. The mean age of blood donors in the United States
in an automatic plate washer (Microwash 2; Skatron, Lier, Nofvas greater than that in Jamaiga ¢ 0.001, in a multivariate
way). Plates were tapped dry on paper towels and 300 I per welfghOVA adjusting for gender), and Jamaican STD patients had the
blocking solution (5% BSA in PBS) added. Following incubation a0eSt mean agep(< 0.05). Males were significantly older than
37°C for at least 3 hr, plates were washed 3 times as describEjlales within each study group (alalues< 0.01). .
Serum samples were diluted 1:20 in blocking solution and added inTo compare HPV 16 VLP seroprevalence in these populations,
100-pI volumes to each well. Plates were covered with a plaf¢e calculated their age- and gender-specific antibody-prevalence
sealer, incubated for 1 hr at 37°C and then washed 5 timesaées. These data are shown in Figure 1. Age-adjusted seropreva-
described above. Goat anti-human IgG conjugated with alkalifRice rates were greatest among male (29%) and female (42%)
phosphatase (Boehringer-Mannheim, Indianapolis, IN) was dilut§d D patients, intermediate in male (19%) and female (24%)
1:3,500 in blocking solution and 100 pl were added to each weflamaican blood donors and lowest among male (3%) and female
Plates were covered with a plate sealer, incubated for 30 min(32%) US blood donors. Notably, these differences were consis-
37°C and washed 5 times. Substrate solution [1 mg/ml 1-pai&ntly observed at all ages in both sexes, although the magnitude of
nitrophenylphosphate in diethanolamine buffer, pH 9.8 (Sigmaljje differences varied. In multivariate logistic regression, Jamaican
was added to each well in 100-ul volumes. Plates were covered d donors were 4.2-fold (95% CI 2.4-7.2) and STD patients
incubated for 30 min at 37°C. The enzyme reaction was stopped &y-fold (95% CI 5.0-13.2) more likely to have HPV 16 VLP
the addition of 50 pl of 3N NaOH per well. Plates were then read afitibodies than US blood donors, after adjusting for age and
405 nm in an automated ELISA plate reader (model EL3128€nder.

Bio-Tek, Winooski, VT) to determine optical density (OD) values. In general, within each study group, HPV 16 seroprevalence

To prevent batch effects, the duplicate serum samples testedafes increased with age (Fig. 1). Specifically, among STD patients,
this study were placed in mixed order on the ELISA plateghe relation with age was highly significant in both men<(0.01)
Laboratory personnel were masked to all patient information. Fd women ¢ < 0.001). Among blood donors, the age-specific
control for intra-laboratory day-to-day variability, sample ODSeroprevalence pattern was more variable, and only in male blood
values were adjusted according to OD results in 3 contrgpnors from Jamaicgp(= 0.01) was this relationship statistically
specimens tested in triplicate on each individual plate: one higignificant. Furthermore, in blood donors, the age-specific trends
one intermediate and one low responder. Positive results in stig#ggested that these increases might plateau. However, additional
specimens were determined by applying cut-points set in previous
investigations (positive OD- 1.017, negative OB< 0.904) to the

mean-adjusted OD value for each duplicate sample (Strieklal, TABLE | — AGEAND GENggg UCL'X/%\%}\?STERISTICS OF THE STUDY
1997). Furthermore, to minimize misclassification, borderline

results {.e.,0.904-1.017) wera priori classified as indeterminate Males Females

(7% of all subjects tested), as suggested by our earlier results. N  Meanage(range) N Mean age (range)
Statistical analysis US blood donors 140 40.1(17-72) 138 34.4(17-78)

Exploratory data analysis showed that indeterminate (border-Jamaican blood donors 141 30.4(17-80) 116 27.3(17-59)
line) results in the HPV 16 VLP ELISA were more common in_Jamaican STD patients 404 28.3 (15-70) 427 26.4 (14-61)
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-« Biood donors-US the lifetime number of sex partners because it was the factor most
A. Male subjects < Blood donors-Jamaica  consistently associated with cervical HPV infection in DNA-
) . hybridization studies (Baueat al., 1993; Hildesheinet al., 1993;
B0 [ * STD attendees-Jamalca Wheeleret al,, 1993). In both men and women, seropositivity was
significantly related to a higher lifetime number of sex partners,
B0 |- though the number of partners that conferred the increased risk

differed by gender: for males, having 10 or more partners was
associated with increased HPV 16 seroprevalence (34%) compared
to males with fewer than 10 partners (21po= 0.005); HPV 16
seroprevalence rates were similar for female subjects reporting 1 or
2 to 4 lifetime partners but were significantly increased among
females reporting 5 or more partners (46% compared to 36% in
women with fewer than 5 partnerp, = 0.03). In Table II, for
convenience, the data are presented using a single category for
males and females, showing a similar, albeit less statistically
significant, trend in both groups. Interestingly, years of sexual
activity in males p < 0.01) and femaleg(< 0.001), but not age at

first intercoursef > 0.6), was also strongly associated with the
frequency of HPV 16 serologic responses.

We conducted multivariate analyses to further examine these and
other risk factors. As might be expected, age and years of sexual
S activity were highly correlated (Pearsom’s= 0.91 for males and
0.97 for females) and, due to concerns regarding colinearity, the 2
factors could be studied only in separate multivariate models. In
males, multivariate analyses showed that the relationship between
greater lifetime number of sexual partners and HPV 16 seropositiv-
ity was independent of age & 0.01) and years of sexual activity
(p = 0.02). Similarly, age and years of sexual activity were each
associated with seroprevalenge<( 0.05 for both) independent of
the number of sex partners.

Several additional factors involving sexual history during the
past year were also significantly related to increased detection of
HPV antibodies in men. This included the history in the past year of
0 ) . \ \ tears or bruises of the penis during spx{0.01), a greater number
<20 20-24 25.29 30-34 >34 of sexual partnerg(< 0.01) and less regular use of condomsJ(

Age (Yrs) 0.05). Notably, these 3 factors were somewhat interrelated. Specifi-
cally, having more sexual partners in the past year was associated

Ficure 1— Age-specific HPV 16 seroprevalence rategdpmale with more frequent penile injuryp(= 0.008) and greater condom

and(b) female US blood donors, Jamaican blood donors and Jamaid€ £ = 0.001), though condom use in the past year was not itself
STD patients. related to the frequency of penile injurg & 0.5). In multivariate

analyses, each of these parameters remained independently associ-
] ] ated with HPV 16 seroprevalence and no significant interactions
data, particularly in older age groups, would be needed to examifere detected when using appropriate interaction termsp(all
this possibility further. values> 0.1).

The data also showed that women were more likely to be Among female STD attendees, years of sexual activity was the
seropositive than men (gl values< 0.01) and that this gender variable most strongly associated with HPV 16 antibody positivity
difference was apparent in each of the 3 study groups in essentigly= 0.001). In multivariate analyses, years of sexual activity
all age strata. In multivariate analysis, females were almost twice@$nained significantly associated with HPV 16 seropositiyity=(
likely as males to be HPV 16-seropositive, following adjustmerg.01), whereas the relation of antibodies to greater lifetime number
for age and study group (OR 1.9, 95% CI 1.5-2.4). of sex partners lost statistical significange= 0.27). Unlike in

; hedioc i ; men, no information regarding sexual behavior in the past year was
Risk factors for HPV 16 antibodies in STD patients btained for female STD patients, and no additional behavioral
tors were associated with detection of HPV antibodies. A history
prostitution showed a non-significant relation with increased

HPV-16 Seropositive (%)

HPV-16 Seropositive (%)

To further assess the relation of HPV 16 VLP antibodies wi
sexual behavior, we examined the association of self-repor ﬁ
sexual history with seroprevalence in the Jamaican STD patie V seroprevalence
We were especially interested in determining whether within this )
population, universally at high risk of anogenital HPV infection_ AImost all men and a random sample of about half the women
and (as above) having high HPV 16 seroprevalence, ELISA resuffg/died were tested for infection with HIV and HTLV-l. No

T, ; ; ; gnificant associations between infection with these retroviruses
\év)?sé?i;%ger distinguish subjects with the highest levels of sexuéLd antibody to HPV 16 VLPs was observed. However, retroviral

. infec

Males were more sexually experienced than females. FIBét
example, 87% of males reported more than 5 partners as compay
to 33% of femalesg < 0.001) and males also had a greater avera
duration of sexual activity (14.2 years. 10.9 for femalesp <
0.001). We observed, therefore, that the higher prevalence of
antibodies in female (42%) compared with male (29%) STD
patients existed despite the higher number of sex partners among DISCUSSION
men. In this connection, risk factors for HPV antibodies were The failure of HPV DNA-hybridization studies to find high rates
studied separately by gender. of cervical HPV infection among populations with high cervical

Table Il shows the relationship between HPV 16 seropositivityancer rates has long been noted to be inconsistent with the central
and selected sexual characteristics. The main factor of interest wale of HPV in cervical tumorigenesis (Kjaer and Jensen, 1992).

tion rates were low and in women a possible relationship

een HTLV-1 and HPV seroprevalence of borderline statistical
ificance was non-significant after adjustment for age (or years

sexual activity) and lifetime number of sex partngrs<( 0.13).
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TABLE Il — RISK FACTORS FOR HPV-16 VLP ANTIBODIES AMONG MALE AND

STRICKLERET AL.

FEMALE JAMAICAN STD SUBJECTS

TABLE Il — RISK FACTORS FOR HPV-16 VLP ANTIBODIES AMONG MALE AND
FEMALE JAMAICAN STD SUBJECTS CONTINUED

Males Females Males Females
Number Number Number Number
positive/ % positive/ % positive/ % positive/ %
number positive p number  positive p number positive p number positive p
tested tested tested tested
Age (years) Number of pre-
<20 10/54 185 28/90 31.1 vious STDs
20-24 29/112 25.9 38/117 325 0 32/116 27.6
25-29 21/94 223 36/83 434 1-2 47/191 24.6 n/a
30-34 25/72 347 34/71 479 >2 29/78 37.2
>34 2772 375 34/66 515 0.22
<0.01 <0.001 HIV-positive
Number of life- No 93/346 26.9 114/273 41.8
time sex Yes 8/21 381 6/14 429
partners y 0.26 0.94
<5 12/50 24.0 98/274 35.8 HTLV-I-positive
5-10 28/140 20.0 57/123 46.3 No 97/354 27.4 114/275 406
11-20 32/94 340 5/10 50.0 Yes 3/10 30.0 8/13 70.0
>20 37/110 33.6 0/1 0.0 1.00 0.15
0.02 0.07 Ever accepted
Age at first inter- money for
course (years) sex
<14 47/175 26.9 26/58 44.8 No 104/378 27.5 157/403 39.0
14-16 37/129 287 96/249 386 Yes 518 278 11721 524
>16 24/90  26.7 46/116 397 _ 1.00 0.22
0.97 0.63 Ever paid for sex 243 274
No 94, .
;gﬁl\';iym sexual Yes 15/53 28.3 n/a
<5 7/38 184 26/102 25.5 . 0.89
5-9 19/89 21.4 51/117 43.6 Anogenital warts
10-14 2197 217 2077 377 No 98/356  27.5
15-19 31/85 365 25/61  41.0 Yes 419 211 nfa
>19 30/85 35.3 37/65 56.9 054
<0.01 <0.001 1Fisher’s exact test. All other categorical comparisons are by Mantel
Number of sex extension test for trend or by Pearsog’dest.
partners in
past year
g:é égggg %ii n/a Thc_e favored ex_planation has b_een that HPV _infection is t_ransient,
~g 30/68 441 as is the detection of HPV DNA in anogenital tissues, making DNA
<0.01 hybridization a poor marker of population-based rates of exposure.
Tear or bruise of In contrast, antibody responses to infection are likely to persist for a
penis during more extended period, making serology a potentially better mea-
sex in past sure of cumulative exposure to HPV and, possibly, a useful
year epidemiologic tool for comparing populations. Therefore, we
Never 40/177 22,6 compared the prevalence of antibodies to HPV 16, the most
Once 21/92  22.8 n/a common and important oncogenic HPV type, among volunteer
Sgﬁ?ﬁg){ﬁg 1‘2/72%05 585(52 blood donors from Jamaica, a country with high cervical cancer
or more ) rates, to t_he pre\_/alence among donors in the United _States, a
<0.01 country with relatively low cervical cancer rates. In addition, to
Condom use demonstrate the strong sexual association of the antibody responses
during past being measured, we contrasted these results to seroprevalence rates
year in Jamaican STD patients and, in these patients, examined risk
Never 29/92 315 factors for positive antibody responses.
<Half the 507157 31.9 nfa We found that HPV 16 antibodies were significantly more
Egﬁthe time  29/145 200 common in Jamaican than in US blood donors. Specifically, after
or more ' adjusting for age and gender, Jamaicans were approximately 4-fold
<0.05 more likely to be seropositive than their American counterparts.
Ever used con- These data suggest that infection with HPV 16 is more common in
doms men and women living in Jamaica than in the United States.
No 14/59 237 48/115 42.0 Although the proportion of increased cervical cancer incidence in
Yes 94/333 28.2 120/307 38.0 Jamaica attributable to higher rates of HPV infection cannot be
0.48 0.62 determined from these data, it is likely that this as well as limited
New sex partner access to cervical cancer screening and treatment services are
mgr?tﬁ important contributing factors. US blood donors were more
recently enrolled. However, increases in rates of HPV-related
%)S %//211786 22%‘1 1%%;%9 43138 carcinomas of the anus and vulva in American women (cancers not
~ o061 053 prevented by contemporary Pap smear screening programs) (Reis
History of pre- et al, 1997) strongly indicate that anogenital HPV infections have
vious STD not decreased in recent years, making a period effect unlikely.
No 34/121 281 97/257 37.7 Our findings are consistent with 2 previous studies, both of
Yes 751274 27.4 0.88 68/162 42.0 0.39 which suggested that the prevalence of antibodies to HPV 16 VLPs

is greater in individuals living in countries with high rates of
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cervical cancer. Specifically, Nonnenmackerl. (1995) showed  Another important observation was the association of HPV 16
that Colombian women enrolled as controls in a cervical cancét.P antibody prevalence with age. Among male and female STD
case-control study had higher HPV 16 seroprevalence than simiatients, this relationship was an essentially monotonic, statisti-
women enrolled in Spain, and Svagé al. (1997) demonstrated cally significant increase with year of age, consistent with the idea
higher seroprevalence in male and female STD patients enrolledfiat HPV serology is a measure of cumulative exposure. However,
Greenland than in Denmark. The current results, therefore, suppaiong the Jamaican and US blood donors, age-specific HPV
these previous observations and extend that work by demonstratimgibody prevalence rates seemed to suggest a plateau after an
that the relation of HPV 16 antibody prevalence with regionahitial increase. One possible interpretation is that among individu-
cervical cancer rates also applies to men and women commoalg who do not have continued frequent sexual contact with new
thought to be representative of the general populatioe., ( partners lifetime exposure to HPV does not continue to increase
volunteer blood donors) (Stricklet al.,1995). substantially. Alternatively, antibodies may begin to wane over

Consistent with the strong relation of HPV infection with sexudime in at least a subset of individuals. In the latter case, the
history, HPV 16 VLP seroprevalence was far higher in male arepntinued increase of HPV antibodies with age in STD patients
female Jamaican STD patients than in either Jamaican or US bldbtt not blood donors) would reflect a combination of new
donors. Moreover, in this group of men and women at high risk @fifections and the effects of repeated sexual exposure, preventing
sexually transmitted infection, we found that prevalence wasPV 16 antibody responses from beginning to wane. Much more
further increased with greater number of sex partners and yearglafa regarding the age-specific prevalence of HPV antibodies in
sexual experience. These data are particularly relevant becadierent populations, especially older individuals, and cohort
earlier DNA-hybridization studies of risk factors for HPV infectionstudies are needed to assess these issues more completely.

suggested that the lifetime number of sex partners was theThe lower prevalence of HPV-16 antibodies in men as compared
parameter most consistently associated with cervical HPV infegy women was also notable in all groups tested. This included STD
tion (Baueret al., 1993; Hildesheinet al., 1993; Wheeleet al.,  patients despite the fact that men had much greater sexual
1993). The clear sexual association of HPV 16 seroprevalence d@gperience with significantly more sexual partners and longer
not exclude possible cross-reactivity with other HPV types. HowWyration of sexual activity. Confounding by other unmeasured
ever, the findings indicate that the antibodies measured reflegkual or behavioral factors may have contributed to the difference
sexually transmitted (anogenital) HPV. in these findings. However, it may also reflect an important
Among men, sexual behavior in the past year was also signitinderlying biologic difference between HPV infection in men and
cantly associated with HPV 16 seroprevalence. Men with a greateomen. Specifically, anogenital HPV infection in males may more
number of sexual partners in the past year and lower frequencyli@ely involve squamous tissues with limited immunosurveillance
condom use during that time were more likely to be HP\e.g.,the external surfaces of the penis) relative to the mucosal
16-seropositive. This is of particular interest because studies agithelial tissues commonly infected in womend.,the cervical
HPV infection and condom use, based on detection of HPV DNAansformation zone). In this connection, men who reported
have yielded mixed results. Similar information regarding sexuftequent tears or bruises of the penis during sex in the past year had
history in the last year was not asked in the women’s questionnaisggnificantly higher HPV 16 VLP seroprevalence than other men.
but having ever used a condom in one’s lifetime was not associafeehrs in the skin of the penis might result in higher seroprevalence
with HPV seroprevalence in either men or women. Thereforby causing bleeding and increased interaction between the immune
although the data strongly support the sexual relation of HPV Bystem and HPV-infected cells. Alternatively, penile tears might be
antibody detection, further study is necessary to confirm tleemarker of sexual historye(g.,occurring more frequently in the
protective effect of condom use. The findings suggest that serolggesence of ulcerative STDs) or result in increased HPV infections
may be a useful way to examine this issue in the future. by exposing the basal epithelium, the target cells of anogenital

In contrast to the above, very recent sexual behavior, as reflect#dV. Probably each of these possibilities plays some role.
by report of a new sexual partner in the last month, was notIn summary, our current findings suggest that HPV 16 VLP
associated with detection of antibodies in either men or womeserology is a useful biomarker for measuring cumulative lifetime
This observation is consistent with results suggesting that antiba@kposure to sexually transmitted anogenital HPV infections and
ies are most strongly associated with persistent (as comparedrtay be particularly applicable to population-based studies. In this
recent) infections and that seroconversion may be delayed (Andezgnnection, we detected much higher exposure to HPV 16 in
son-Ellstromet al., 1995; De Gruijlet al, 1997). Several other Jamaicans than in Americans, consistent with Jamaica’s higher
sexual parameters were also not strongly associated with HE®fvical cancer incidence rates. Jamaican STD patients had espe-
antibody responses, including history of prostitution (a noreially high HPV 16 VLP seroprevalence, and the data in these
significant positive association in women and none in men) and thatients showed that serology may be useful as a marker of sexual
number of past STDs (a non-significant positive association anogenital HPV exposure in women and in men (a group difficult to
men, with no similar question asked of women). We also observegst by DNA-hybridization methods). The prevalence of HPV
no relation between antibodies to HPV 16 and infection with H\antibodies was lower in males than females, however, suggesting
This is consistent with a recent report in gay men, indicating that that there may be diminished immune surveillance of the epithelial
groups at high risk for anogenital HPV, HIV infection did not seentissues commonly infected by HPV in men. Whether this might
to affect HPV 16 VLP seroprevalence (Hagansteal, 1997). affect the usefulness of HPV vaccines in men requires further
Neither was there a clear relation with HTLV-I infection. examination.
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